The kagome lattice is a two-dimensional network of corner-sharing triangles
The kagome lattice is a two-dimensional network of corner-sharing triangles [1] known as a platform for exotic quantum magnetic states [2] [3] [4] [5] [6] [7] . Theoretical work has predicted that the kagome lattice may also host Dirac electronic states [8] that could lead to topological [9] and Chern [10] insulating phases, but these have evaded experimental detection to date. Here we study the d-electron kagome metal Fe 3 Sn 2 designed to support bulk massive Dirac fermions in the presence of ferromagnetic order. We observe a temperature independent intrinsic anomalous Hall conductivity persisting above room temperature suggestive of prominent Berry curvature from the time-reversal breaking electronic bands of the kagome plane. Using angle-resolved photoemission, we discover a pair of quasi-2D Dirac cones near the Fermi level with a 30 meV mass gap that accounts for the Berry curvature-induced Hall conductivity. We show this behavior is a consequence of the underlying symmetry properties of the bilayer kagome lattice in the ferromagnetic state with atomic spin-orbit coupling. This report provides the first evidence for a ferromagnetic kagome metal and an example of emergent topological electronic properties in a correlated electron system. This offers insight into recent discoveries of exotic electronic behavior in kagome lattice antiferromagnets [11] [12] [13] and may provide a stepping stone toward lattice model realizations of fractional topological quantum states [14, 15] .
The kagome lattice (Fig. 1a ) is a network with the (3.6)
2 Archimedes tiling predicted to support a wide variety of exotic phenomena in solids including magnetic frustration [7] , flat band ferrromagnetism [16] , and exotic superconductivity [17] . Among these, significant interest has been focused on the frustration induced quantum spin liquid phase where the kagome lattice has played an important role in both theoretical and experimental progress [2] [3] [4] 6] . In terms of electronic structure, simple tight-binding models on the kagome lattice have long been known to yield unusual features including dispersionless (flat) bands and Dirac points (Fig. 1b) , the latter in a manner similar to the hexagonal graphene lattice [18] .
While such features have not been heretofore observed in experiment, theoretical interest has persisted and lead to several further predictions. Of particular interest are kagome networks in which time reversal symmetry (TRS) is broken via ferromagnetism (Fig. 1c) [8, 10, 14] , which has the effect of splitting the spin-degenerate Dirac bands (Fig. 1d) . Further inclusion of spin-orbit coupling (Fig. 1e ) yields a variety of gapped phases ( Fig. 1f ) with possible integer [10, 19] or fractional [14, 15] Chern numbers. Such systems with exchange split bands and spin-orbit coupling in principle afford detection of their associated Berry curvature via
Hall currents [20] .
Despite the rich theoretical understanding that exists for electronic Berry phase effects in ferromagnetic kagome models, experimental realization of such behavior has been challenging in part owing to the relative rarity of the structure. Kagome magnetic systems have been successfully studied in electrically insulating compounds such as jarosite [3] , volborthite [4] , and herbertsmithite [6] . as an unusual magnetic conductor with a high Curie temperature T C = 670 K [22, 23] .
While originally attention was focused on the zero field spin structure [24] , more recent studies have focused on the system as a potential host for Skyrmion bubbles [25] and a significant anomalous Hall effect [26, 27] at finite field. The latter is particularly interesting in comparison with the related antiferromagnets Mn 3 Sn and Mn 3 Ge recently reported to have a large room temperature anomalous Hall response [11, 12] and possible Weyl fermion states [13] .
As shown in origin [28] , it has recently been demonstrated that the insensitivity of the latter to thermal excitations allows the parametrization σ
xy , where f (σ xx,0 ) is a function of the residual conductivity σ xx,0 , σ xx is the conductivity, and σ int xy is the intrinsic anomalous Hall conductivity [29] . As σ int xy does not depend on the scattering rate, in a system with a significant Berry curvature σ int xy is then the remnant σ We see a consistently enhanced in-plane response across different samples (see SM).
To further examine the origin of this Hall response, we measured the electronic structure of Fe 3 Sn 2 by angle-resolved photoemission spectroscopy (ARPES). Figs. 3a and 3b show the experimental Fermi surface and energy-momentum dispersion, respectively, of the electronic bands along high symmetry directions parallel to the kagome planes measured at T = 20 K (see also Supplementary Fig. 2) . A rich spectrum of electronic excitations with hexagonal symmetry is observed, consistent with the metallicity and crystallographic structure described above. More notably, linearly dispersing Dirac cones are observed at the Brillouin zone corner points K and K . As we describe in detail below, this spectrum reminiscent of the electronic structure of graphene [32] is the long-sought realization of kagome-derived Dirac fermions. These Dirac-like bands are shown in detail in the high resolution energymomentum section of the ARPES data across the K point in Fig. 3c (data are taken along the blue dashed line in Fig. 3a , and then symmetrized in momentum about K); two Dirac cones separated in energy but both centered at K are resolved. Hereafter, we focus on these bands and their subsequent role in generating Berry curvature.
The two-fold Dirac cones can be similarly identified in the constant energy contours as shown in Fig. 3d . At the Fermi energy (top layer in Fig. 3d ), a pair of Dirac cones forms two electron pockets centered at the K point: a circular inner pocket and a trigonally-warped outer pocket. Moving down from the Fermi energy each pocket shrinks, forming apparent Dirac points at binding energies of 70 meV (second layer from top in Fig. 3d ) and 180 meV (bottom layer in Fig. 3d ). At the midpoint energy (125 meV), the two Dirac cones cross and, within our experimental resolution, form a ring of Dirac points in the xy momentum plane.
The experimental electronic structure of Fe 3 Sn 2 near the K point is thus characterized by two energy-split (∆E = 110 meV) interpenetrating Dirac cones. As we describe below, this splitting is a natural consequence of the bilayer kagome structure similar to the case of multilayer graphene [33] , whereas the exchange splitting due to magnetic order is expected to be a significantly larger energy scale (in excess of 2 eV [34] ). Photon-energy-dependent ARPES ( Supplementary Fig. 3 here is intermediate to the case of smaller gaps in magnetically doped topological insulators [37, 38] and larger masses induced in graphene [39, 40] .
The emergence of massive Dirac fermions in Fe 3 Sn 2 can be understood as a combination of ferromagnetic splitting and spin-orbit coupling in the underlying kagome geometry.
Motivated by the weak k z dispersion observed in ARPES, we consider a stacked system of kagome layers. Fig 4a shows a perfect Fe 3 Sn kagome layer and the corresponding Brillouin zone. The kagome layer has two-fold and three-fold rotational symmetries (C 2x and C 3z , respectively) that leave the K and K points invariant and thus form point group D 3 . In the absence of spin-orbit coupling, the two-fold degenerate crossing (Dirac) point at the
Brillouin zone boundary K and K belong to a two-fold E representation and hence are protected. As shown in Fig. 4b , a Dirac crossing can be observed at K in a tight binding model for nearest neighbor hopping on the kagome sites H K = <ij> tc † i c j , where < ij > indexes nearest-neighbor pairs, t is the hopping integral and c (c † ) is the fermion annihilation (creation) operator taken to be spin-polarized due to exchange. The kagome bilayers in Fe 3 Sn 2 shown in Fig. 4c are tiled by triangles of two different bond lengths, 2.59Å and 2.75Å, as indicated by the red and blue shading. However, the combined unit of these kagome layers and the intervening stanene layer preserves the {C 2x , C 3z } symmetry of the perfect kagome lattice and thus the Dirac points are protected by crystal symmetry in the absence of spin-orbit coupling. The additional layer degree of freedom further enriches the electronic structure. In particular, the ABA layer stacking of the structure in Fig. 4c gives rise to bonding-antibonding splitting [41] , as seen in a simple tight binding model with this additional hopping (Fig. 4d) .
We next introduce Kane-Mele-type spin-orbit coupling H SOI = i <ij> λ ij c † i,↑ c j,↑ − c † i,↓ c j,↓ to the tight binding model H K , where λ ij represents the effect of spin-orbit coupling [42] .
· #» s (λ is the spin-orbit coupling constant, #» E is the electric field on the hopping path, #» R is the hopping vector, and #» s the Pauli matrices of the electron spin) for spin-polarized bands near the K and K point with finite s z polarization, the H SOI effectively reduces to the Haldane term [43] . Accordingly, for the single layer case (Fig. 4b) when the Fermi level is positioned in the Dirac gap, the system enters a Chern insulating phase with quantized anomalous Hall conductance [10, 43] .
To connect with the Hall response, we can construct a k · p Hamiltonian near K and K for the dual Dirac fermions:
where #» σ are the Pauli matrices of pseudospin for each Dirac band, E 0 the energy splitting of the Dirac bands described by the Pauli matrix τ x , and m = ∆/2 is the Dirac mass. To obtain the band parameters, we fit the observed dispersion E(k) to the massive Dirac model massive Dirac bands which have a small E F comparable to the spin-orbit coupling strength [44] . The robustness of this effect is comparable to that driven by chiral antiferromagnetic order in Mn 3 Sn [11] and Mn 3 Ge [12] , but instead of 3D Weyl nodes [13] is driven by quasi-2D
Dirac fermions borne out of a simple ferromagnetic kagome network interleaved with stanene layers.
By combining transport, ARPES, and theoretical analysis, the present study provides a comprehensive proof of principle for the engineering of band structure singularities and topological phenomena in correlated systems. In particular, it demonstrates how the underlying symmetries and lattice geometry can determine the physical properties of a complex electronic system. We suggest the transport and spectroscopic signatures presented here identify the essential properties of a ferromagnetic kagome metal and that a number of materials in this and structurally related classes are potential intrinsic platforms for correlated topological phases. Viewed in isolation, the bands near K can be considered to exhibit a twodimensional "Chern gap" -a time-reversal symmetry broken topologically non-trivial phaseintrinsic to a stoichiometric material which has a dominant contribution to the electrical response reaching T > 300 K. This indicates the possibility of engineering such stoichiometric materials down to atomically thin layers to realize the quantum anomalous Hall effect with orders of magnitude larger energy scales than presently possible [45] towards the realization of room temperature dissipationless modes. Extending this approach to stabilize the dispersionless states similarly expected from the kagome network adds an exciting prospect for increasing correlations and enabling the study of magnetically driven fractionalization of states [14, 15] .
METHODS
Single Crystal Growth Single crystals of Fe 3 Sn 2 were grown using an I 2 catalyzed reaction. Stoichiometric ratio of Fe and Sn powders are sealed in a quartz tube with approximately 1% I 2 by mass and kept in a horizontal 3-zone furnace with a temperature gradient from 750 • C to 650
• C for 5 weeks followed by water quenching to stabilize the 
